Based on core and casting slice observation, well drilling and logging data, the source of carbonate materials, lithology together with electric properties, types, genesis mechanism and distribution of calcareous interbeds in Songtao uplift and its periphery of Qiongdongnan Basin have been thoroughly analyzed. Results show that typical features have been appeared from well logging curves, containing low gamma-ray, low acoustic travel time, low neutron value, high density, as well as bright white calcium nodules or bands in electrical imaging well-logging curves. Drilling results reveal that calcareous interbeds developed mostly in high position of paleostructures and their distribution was controlled by the combined effects of macroscopic and microscopic factors. Macroscopically, calcareous interbeds relate to paleogeomorphology together with the combination of sandstone and mudstone. They are also controlled microscopically by the source of carbonate cements and pore space. Under normal circumstances, with regard to the same sand, the closer to the mudstone and the thicker of mudstone, the more conducive to the formation of calcareous interlayer. Low compaction strength, high content of rigid particles, coarse grain size, well-sorted sandstone and large pore space during carbonate cementation are favorable for the development of calcareous interbeds.
Introduction
Interlayers refer to impervious bed or low-permeability layer within the sand body ranging from a few centimeters to a few meters. The morphology and distribution of interlayers are not stable due to the change of the micro-facies or phase of sand bodies caused by transient and local water flow changes. Interlayer is divided into two types: muddy interlayer and physical interlayer. With the success of S structure, it became the first potential commercial discovery in northern depression belt of Qiongdongnan Basin, but the widespread development of physical interlayers (mainly calcareous interlayers) in the area brought difficulties to the next exploration. Calcareous interlayers refer to tight sandstone with carbonate content over 10% formed inside sand body. As a seepage barrier of the reservoir, it increases the heterogeneity of the reservoir, resulting in the thinning of the effective reservoir and the deterioration of physical properties, which restrict the later exploration and development.
At present, domestic and foreign scholars focus on the identification of calcareous interlayers, as well as its qualitative evaluation, formation conditions and so on. On the source of calcareous material, Longstaff [1] [2] [3] [4] considers that the calcareous mainly comes from dissolution of feldspar and other aluminosilicates by diatomaceous organic acids and conversion of clay minerals. Xu Bei-mei [5] believes that the enrichment of calcium is closely linked with hydration of aluminosilicate minerals during early diagenetic stages and organic acidification. Huang Si-jing [6] [7] suggests that calcium is owing to atmospheric weak acid water infiltration caused by mineral dissolution. Shan Jing-fu indicates that [8] [9] the source of calcium is not only the sedimentary period but also the supergene and diagenetic stage. Based on the previous studies and sedimentary and geochemical methods, a detailed analysis of sources, characteristics, types, genesis and distribution of calcareous interlayers are provided in this paper. Meanwhile, the summary of main controlling factors and distribution are of great significance to improve the success rate of drilling.
Geological Background
The Qiongdongnan Basin is a Cenozoic fault subsidence basin along the continental margin in northern South China Sea, which is one of the largest offshore oil-rich gas basins in China. The basin is located between 17˚00'N to 18˚50'N and 108˚51'E to 114˚41'E with an area about 60,000 km 
Databases and Methods
This study was focused on the first member of Sanya Formation in Songtao uplift and its periphery of Qiongdongnan Basin where most of calcareous interbeds are widely distributed. Consequently, most of the drilling for gas has taken place in this area producing core material, debris, sidewall coring, well logs and other exploration and production well data made available for this research. All these data was derived from more than 10 wells. Based on the above basic data, this study is mainly divided into the following five aspects: Above all, based on core observation, palaeontology analysis, well 
Physical Characteristics
There is a good negative correlation between the carbonate cement content and the actual porosity and permeability in the first member of the Sanya Formation in the target area ( Figure 5 ). Calcareous cement is responsible for blocking pores and throats, the properties of calcareous interlayers tend to be significantly lower than those of other sandstone sections. Compared with other good-sorting sandstone reservoirs, calcareous interbed has smaller pore and throat radius with poorer distribution centralization and poorer reservoir properties (Figures 6-8 ).
When the content of carbonate cements is less than 10%, the porosity is more than 15% with over 1 × 10 −3 μm 2 permeability. When the content is more than 10%, the porosity is less than 15% and the permeability is under 1 × 10 −3 μm 2 . In addition, the latter trend of reducing physical properties is slower than the former. well (mean 0.68%) is lower than that of the S-1Sa well (mean 1.63%), and the thickness of the former calcareous interlayers (3.78 m) is also lower than the latter (17.6 m), which is consistent with the above analysis [19] .
Genetic Mechanism of the Calcareous Interbed
Generally speaking, carbonate cements are divided into three genetic types. Therefore, various sources of material for carbonate cements and continuous alternating of porous water are essential requirements to the continuation of the reaction.
Discussion
Since the strong randomness of calcareous interbed distribution, it's affected by the combination of multiple factors, mainly divided into macro and micro perspective. Figure 10 ). In general, the bottom type calcareous interbed develops with large thickness, while others widely distribute with low thickness.
Microscopically, the distribution of calcareous interbed is controlled by the source of material and pore space during carbonate cementation. The former is influenced by mudstone thickness and the distance between sandstone and mudstone [30] [31] [32] . For the same sand layer, the greater thickness of mudstone, the closer to the sand body, the more abundant of the source, the more favorable to the formation of the calcareous interlayer. The latter is closely related to the petrological characteristics of the sand body and later diagenetic evolution. The high rigid content, coarse grain size and well-sorted sandstones which have good primary porosity and strong anti-compaction ability are prone to the formation of calcareous interlayers ( Figure 11 & Figure 12 ). According to the stratigraphic thickness figure and drilling analysis, calcareous interbeds mostly develop in the paleo-tectonic highs ( Figure 13 ). In view of the above, it is speculated that calcareous interbeds in Songtao uplift and its periphery mainly distributed on the margin of the sand body with high paleo-tectonics. Therefore, searching for large-scale and high-quality natural gas around without calcareous intercalation in the periphery of S structure will lay a solid foundation for expanding the scale of reserves.
Conclusions
1) The lithology of calcareous interlayers in the target area is mainly gray-white, gray-green calcareous medium sandstone and fine sandstone. Calcite, iron dolomite and dolomite are common carbonate cements. Thickness varies from tens of centimeters to several meters, making bubbles in case of acid.
2) The properties of calcareous interlayers in the first member of Sanya formation are poor with low porosity and permeability, taking the form of small pore and throat radius, low degree of their distribution.
3) The electrical characteristics are obvious with low gamma, low acoustic contrast, low neutron, high density together with bright white calcareous nodules or bands in electrical imaging logging.
4) There are two genetic types of calcareous interbed (Type I and Type III).
Among them, Type I is formed by the integration of Ca 2+ with It's mainly found in interparticle or intragranular dissolved pores or replacing Figure 13 . Relationships between carbonate cement content and stratum thickness. 
